Introduction
Apoptosis, or programmed cell death, is the main physiological mechanism of cell death, and is a highly conserved, precisely regulated, mechanistically driven process, clearly distinct from necrosis [1] . If control of an active pathway that leads to apoptotic cell death is lost, the resulting imbalance between proliferation and apoptosis could enhance the potential for neoplastic growth. Alteration of a variety of oncogenes and tumor suppressor genes may ultimately result in an imbalance between proliferation and apoptosis, and lead to net tumor growth and progression [2, 3] .
In recent years, many of the genes involved in apoptosis have been identified and cloned [4, 5] . The myeloid cell leukemia 1 (Mcl-1) gene is a member of the Bcl-2 family and encodes for proteins that promote cell survival [6] [7] [8] . Some members of this family are blockers of cell death, including Bcl-2, Bcl-XL, and Mcl-1, whereas others, such as Bax and Bcl-Xs, are promoters of apoptosis. Members of this family regulate apoptosis by forming either homodimers or heterodimers with each other, and the relative ratio of anti-to pro-apoptotic proteins determines cell sensitivity to apoptotic stimuli [9] . In light of its anti-apoptotic function, high expression levels of Mcl-1 in cancer cells may prolong cell survival, allow development and progression of tumor cells, and ultimately result in a poor prognosis.
In fact, Mcl-1 expression has been reported to be a poor prognostic marker in certain tumors. Shigemasa et al. [10] reported that expression of Mcl-1 significantly correlated with an advanced clinical stage, high histologic grade, and poor survival in ovarian cancer. In addition, recent studies have shown that the anti-apoptitic Bcl-2 family of proteins are involved in the mechanisms of tumor resistance to chemotherapeutic agents and radiation [11] [12] [13] . However, Mcl-1 expression in gastric carcinomas and its relationship to a patient's prognosis and other clinicopathological variables have yet to be clarified.
In the present study, the expression of Mcl-1 in surgically resected gastric carcinomas was examined, and its association with clinicopahological variables and a patient's prognosis was investigated.
Patients, materials, and methods

Patients
Primary gastric adenocarcinoma specimens were obtained from 182 patients treated surgically at our institution from 1982 to 1992. The patients' ages ranged from 32 to 91 years (average, 62.4 years); 95 were male and 87 were female. None of the patients had received preoperative adjuvant radiotherapy or chemotherapy. The clinicopathological findings were determined according to the Japanese classification of gastric carcinoma [14] . The patients were classified as follows: 33 patients were in stage I, 46 in stage II, 80 in stage III, and 23 in stage IV. All had undergone either a distal partial gastrectomy, a proximal gastrectomy, or a total gastrectomy with regional lymph node dissection to group 1 (D 1 ), group 2 (D 2 ), and group 3 (D 3 ), excluding the paraaortic nodes, with curative intent. Most of the patients with an advanced tumor received postoperative chemotherapy with consecutive oral administration of uracil/tegafur, at a dose of 300 mg daily, for 1 year after surgery. However, some patients refused or discontinued chemotherapy. The patients were periodically checked for early recurrence by diagnostic imaging (chest X-ray, double-contrast barium meal study, upper gastrointestinal fiberscopy, ultrasonography, and computed tomography). All of the patients were monitored for at least 5 years. Informed consent had been obtained from all subjects and/or their guardians.
Immunohistochemistry
Mcl-1 expression. For immunohistochemical analysis, a streptavidin-biotin method (Histofine SAB-PO kit; Nichirei, Tokyo, Japan) was used for formalin-fixed and paraffin-embedded specimens. Sections (4 µm) were dewaxed in xylene, rehydrated in ethanol, and then heated in a microwave oven (700 W) for 20 min for retrieval of antigens. Endogenous peroxidase was blocked with 0.3% hydrogen peroxide in methanol for 15 min. Tissue sections were then washed twice with phosphate-buffered saline (PBS) and preblocked for 60 min with 10% goat serum. After the washing with PBS, the samples were incubated overnight at 4°C with anti-Mcl-1 polyclonal antibody (sc-819; Santa Cruz Biotechnology, Santa Cruz, CA, USA). Sections were then washed three times in PBS and incubated with secondary anti-rabbit immunoglobulin (IgG 1 IgA 1 IgM) conjugated with biotin (Nichirei) for 60 min, followed by incubation with a streptavidin-peroxidase complex (Nichirei) for another 60 min. After three additional washes in PBS, diaminobenzidine tetrahydrochloride working solution was applied. Finally, the slides were counterstained in hematoxylin. The staining pattern was classified as follows: (1) staining was considered absent when there was no positive tumor cell staining or fewer than 5% focally distributed positive tumor cells; (2) labeling was considered weak when 5% to 50% of the tumor cells showed positive staining; and (3) labeling was considered strong when more than 50% of the tumor cells showed positive staining.
p53 Expression. Staining for p53 was performed using an anti-p53 monoclonal antibody (BP-53; Novocastra Laboratories, Newcastle, UK) at a dilution of 1 : 50. The methods used for immunostaining were as described previously [15] . The staining pattern was classified as follows: (2), negative or equivocal staining; (1), weak (positive expression was detected in 1%-20% of carcinoma cells); and (11), strong expression (positive expression was detected in .20% of carcinoma cells). This classification was based on a previous report [16] .
Statistical analysis
Statistical analysis included the standard 2 -test and the Mann-Whitney U-test. The survival rates were estimated by the Kaplan-Meier method, and statistical analysis was carried out by the log-rank test for equality of the survival curves. In multivariate analysis, independent prognostic factors were determined with the Cox proportional hazard model (StatView 5.0; Abacus Concepts, Berkeley, CA, USA). Statistical significance was considered with P Ͻ 0.05.
Results
Mcl-1 was immunolocalized to the cytoplasm of cancer cells, but not in the underlying stromal cells (Fig. 1) . However, weak and diffuse staining for Mcl-1 was also detected in the normal mucosal cells. Mcl-1 expression in cancer cells was assessed by comparison with expression levels in the normal mucosal cells used as the negative control. Slight immunoreactivity to anti-Mcl-1 antibody was judged as negative staining (Fig. 1B) .
Mcl In T3 gastric carcinoma, p53 expression was positive in 80 patients (64%). There was no significant correlation between Mcl-1 and p53 expression. The 5-year survival rate in patients with a p53-negative tumor (77.2%) was significantly better than that of those with a p53-positive tumor (48.1%; P Ͻ 0.01). The 125 patients with T3 gastric carcinoma who underwent curative surgery were divided into subgroups according to the Mcl-1 and p53 status of tumors as follows: Mcl-1(Ϫ)/p53(Ϫ), n ϭ 16; Mcl-1(ϩ)/p53(Ϫ), n ϭ 29; Mcl-1(Ϫ)/p53(ϩ), n ϭ 17; and Mcl-1(ϩ)/p53(ϩ), n ϭ 63. The 5-year survival rates for these four groups were 93.3%, 68.6%, 58.8%, and 45.2%, respectively. Patients with Mcl-1(Ϫ)/p53(Ϫ) tumors demonstrated the best survival rate, whereas those with an Mcl-1(ϩ)/p53(ϩ) tumor had the worst (Fig. 5) .
Discussion
In this study, we have demonstrated the frequent occurrence of Mcl-1 expression in surgically resected gastric carcinoma (127/182 cases were positive; 69.8%). As described above, Mcl-1 is a blocker of cell death. In light of its anti-apoptotic function, we hypothesized that patients with Mcl-1-positive gastric carcinoma had a poorer prognosis than those with Mcl-1-negative tumors. We also revealed a striking association between
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sion was negative in 55 (30.2%), and positive in 127 (69.8%).
The correlation between Mcl-1 immunohistochemical expression and clinicopathological variables in the 182 patients is shown in Table 1 . Mcl-1 expression showed no correlation with age, sex, tumor size, lymph node metastasis, or lymphatic-vascular space invasion, whereas the expression was significantly more frequently detected in the undifferentiated type than the differentiated type (P Ͻ 0.05). Mcl-1 expression was significantly associated with advanced histological stage (P Ͻ 0.05; Table 1 ).
The survival time was determined in 179 patients; 3 patients were excluded because they died of causes other than gastric cancer within 1 month of surgery. The estimated 5-year survival rates of patients with negative and positive Mcl-1 expression were 73.7% and 52.5%, respectively. The prognosis for Mcl-1-positive patients was significantly poorer than that for the Mcl-1-negative patients (Fig. 2) . The survival curves of patients, stratified by Mcl-1 expression for each histological stage, are shown in Fig. 3 . In stage I, II, and IV patients, there was no significant correlation between the patient's prognosis and Mcl-1 expression. In stage III, however, patients with Mcl-1-positive tumors had a significantly lower survival rate than those with Mcl-1-negative tumors (P Ͻ 0.05). Table 2 shows the results of the multivariate analysis with the Cox proportional hazards model in the 179 patients. The covariates included in the model were the patient's age, sex, tumor size, histological type, depth of invasion, lymph node metastasis, lymphatic invasion, venous invasion, and Mcl-1 expression. The analysis revealed that lymph node metastasis, tumor size, and Mcl-1 expression contributed independently to survival. poor prognosis in stage III ovarian cancer. Also, Rieger et al. [18] reported that Mcl-1 expression was associated with the early recurrence of tumors and a shorter survival rate in patients with malignant glioma. To our knowledge, this is the first study to determine whether the patient's prognosis is significantly correlated with Mcl-1 expression in gastric carcinoma.
In this study, the percentage of Mcl-1-positive tumors in T1 tumors was 51.5%, compared with 73.8% in T2-3 tumors. Mcl-1 expression was significantly correlated with histological stage. Therefore, it is possible that Mcl-1 expression could be related to cell proliferation and tumor progression. In support of our findings, Krajewska et al. [19] [20] [21] showed expression of the Bcl-2 family of proteins in the carcinogenesis of colorectal cancer and prostate cancer, and in the tumor progression of gastric cancer. In the present study, we further analyzed the relationship between patient survival rate and Mcl-1 expression to determine the factors involved in the recurrence of gastric cancer. When the survival rate was analyzed in each histological stage, there was a significant correlation between prognosis and Mcl-1 increased Mcl-1 expression and a poor prognosis for patients with gastric carcinoma. Baekelandt et al. [17] have previously reported that immunohistochemical expression of Mcl-1 was significantly associated with a expression in stage III disease. Multivariate analysis revealed the significance of the immunohistochemical evaluation of Mcl-1 as an independent prognostic factor, along with lymph node metastasis and tumor size. These results indicate that Mcl-1 expression can be considered to be a tumor progression-related factor and a prognostic factor in gastric carcinoma. Because of the relation of Mcl-1 to tumor progression, the number of Mcl-1-positive patients was obviously larger than that of Mcl-1-negative patients in the advanced stage. Serosal invasion is thought to be an important factor for peritoneal dissemination, the most frequent pattern of recurrence in advanced gastric carcinoma. Therefore, further analysis was done in patients with T3 gastric carcinoma. Patients with Mcl-1-positive T3 gastric carcinoma showed shorter survival than those with Mcl-1-negative tumors in those patients with lymph node metastasis. Previously, we have reported that nuclear p53 accumulation correlates with tumor angiogenesis through vascular endothelial growth factor (VEGF) upregulation in gastric carcinoma [15] . In the present study, Mcl-1 expression was not correlated with p53 expression. Considering that Mcl-1 expression was not correlated with lymphatic-vascular space invasion or with lymph node metastasis, Mcl-1 expression may play an important role in the peritoneal recurrence of gastric carcinoma.
The Bcl-2 oncoprotein has been shown to prolong cell survival by inhibiting apoptosis [22] . A number of studies have reported that Bcl-2 expression in a variety of solid tumors is involved in carcinogenesis, tumor progression, and prognostic factors. Since the initial discovery of Bcl-2, several exclusively homologous proteins have been identified, revealing the presence of a multigene family. These Bcl-2 family members form homo-or heterodimers with each other, and these complex protein-protein associations program cells towards either survival or death, although the precise mechanisms of these processes remain unclear [4, 5] . The Mcl-1 gene was first identified by the screening of cDNA libraries derived from a human myeloid leukemia cell line that was induced to undergo differentiation in culture. The amino-acid sequence of the human Mcl-1 protein reveals a polypeptide of 350 amino acids that is 35% homologous to Bcl-2. Recent studies have focused on the balance of expression of Bcl-2-related protein.
Moreover, Mcl-1 can be upregulated by a variety of cytokines, such as interleukin (IL)-5, IL-6, IL-10, IL-13, and alpha-interferon [23] [24] [25] [26] [27] [28] . A number of signaling pathways have been implicated in regulating the expression of Mcl-1 in a variety of experimental models [24, 25, 29] . Continuous activation of the pertinent signaling pathways is therefore likely to be important in maintaining the high levels of Mcl-1 expression. We analyzed the relationship between the expression of Mcl-1 and p53 in T 3 gastric carcinoma. Khoury et al. [30] have reported that expression of Mcl-1 in mantle cell lymphoma is associated with overexpression of p53. In our present study, however, there was no statistically significant relationship between these factors, although overexpression of Mcl-1 and p53 proteins seemed to independently affect the prognosis. Combined analysis with Mcl-1 and p53 may provide an accurate prediction of the survival of patients with T3 gastric carcinoma.
In conclusion, we have found that a high expression level of Mcl-1 protein was significantly correlated with a poor survival rate in patients with gastric carcinoma, especially in the advanced stages. Furthermore, it is possible that Mcl-1 expression could be related to cell proliferation, and involved in recurrence, in patients with advanced gastric carcinoma. Combined analysis of Mcl-1 and p53 proteins may accurately predict the survival of patients with T3 gastric carcinoma. The fact that immunohistochemical analysis does not provide information on the functional status of the apoptosisregulatory protein, is a significant drawback. However, the preliminary findings of this report suggest that further study is required into the role of Mcl-1 in gastric cancer.
